Background In pulmonary arterial hypertension (PAH), combination therapy is an important treatment strategy. Although randomized controlled trial data are available to support the combination of two therapies, data regarding triple combination therapy are few. Objective The phase III GRIPHON trial enrolled 1156 patients with PAH, including 376 receiving background double combination therapy. We evaluated the efficacy and safety of selexipag as a third agent in these patients and further analyzed this subgroup according to symptom burden at baseline as indicated by World Health Organization (WHO) functional class (FC). Methods In this post hoc analysis, hazard ratios (HRs) and 95% confidence intervals (CI) were calculated using Cox proportional-hazard models to determine response to selexipag versus placebo on the composite primary endpoint of morbidity/mortality. Baseline characteristics and adverse events were summarized descriptively. Results Of 376 patients receiving background endothelin receptor antagonist (ERA) and phosphodiesterase-5 
inhibitor (PDE-5i) therapy, 115 had WHO FC II symptoms and 255 had WHO FC III symptoms at baseline. The impact on the primary endpoint of adding selexipag versus placebo to double combination therapy was consistent with the effect in the overall population (HR 0.63; 95% CI 0.44-0.90) as well as in patients with WHO FC II and III symptoms. Compared with the overall population, discontinuations due to an adverse event were higher when selexipag was added to background double combination therapy; no safety concerns were identified. Conclusion The addition of selexipag to background double combination therapy with an ERA and PDE-5i provides an incremental benefit similar to that seen in the overall population, including in patients with WHO FC II or III symptoms at baseline. ClinicalTrials.gov Identifier NCT01106014.
Key Points
In patients with pulmonary arterial hypertension (PAH) receiving background double combination therapy in the GRIPHON study, the addition of selexipag reduced the risk of the primary composite endpoint of morbidity/mortality, consistent with that observed for the overall population.
The beneficial effect of selexipag when added as a third agent to patients receiving an endothelin receptor antagonist and phosphodiesterase-5 inhibitor was consistent in patients with World Health Organization functional class II or III symptoms at baseline.
These findings support escalation of treatment to triple oral combination therapy to improve outcomes for patients with PAH receiving double combination therapy.
Introduction
Pulmonary arterial hypertension (PAH) is a rare, progressive disease with a poor prognosis [1] . A number of therapeutic agents are available that target three of the pathways known to be involved in the pathobiology of PAH: the endothelin, nitric oxide, and prostacyclin (PGI 2 ) pathways [2, 3] . A primary objective of PAH treatment is to delay progression of the disease [2, 3] . The use of PAH therapies in combination to target multiple pathways simultaneously is an important strategy for achieving this goal [2] [3] [4] [5] . Double combination therapy is now established as the standard of care for patients with PAH [2, 3] and is becoming increasingly common in clinical practice [6] [7] [8] . The use of triple combination therapy to target three pathogenic pathways has also shown promise, but data supporting this approach are limited; one small, retrospective study has shown that triple combination therapy, including intravenous epoprostenol, may provide benefits for treatment-naive, incident patients with severe PAH [9] .
The GRIPHON study was the largest event-driven outcome trial in patients with PAH [10] . This phase III randomized, placebo-controlled study enrolled 1156 patients with PAH and investigated the efficacy and safety of the oral, selective IP prostacyclin-receptor agonist selexipag [10] . Selexipag reduced the risk of experiencing a composite primary endpoint event of morbidity/mortality by 40% (hazard ratio [HR] 0.60; 99% confidence interval [CI] 0.46-0.78; p\0.001) compared with placebo [10] . Importantly, at baseline, 32.5% of patients (n = 376) were receiving double combination therapy with an endothelin receptor antagonist (ERA) and a phosphodiesterase type-5 inhibitor (PDE-5i) [10] , a subgroup that was pre-specified for evaluation of the study's primary endpoint.
The GRIPHON trial provides the opportunity to evaluate the addition of selexipag as a third oral agent in patients receiving double oral combination therapy at baseline. In these post hoc analyses, we investigate the efficacy, safety, and tolerability of selexipag compared with placebo in the subgroup of patients receiving an ERA and PDE-5i at baseline. As this population consisted primarily of patients with World Health Organization (WHO) functional class (FC) II or III symptoms at baseline, we further assessed the effect of selexipag as part of a triple combination therapy regimen according to symptom burden as indicated by WHO FC.
Methods

Study Population
The GRIPHON trial has been described in detail previously [10] . In brief, GRIPHON was a global, multicenter, doubleblind, randomized, placebo-controlled, event-driven phase III clinical trial (NCT01106014). The study population included patients aged 18-75 years with a confirmed diagnosis of PAH. Eligible patients had a 6-min walk distance (6MWD) of 50-450 m and a pulmonary vascular resistance of at least 5 Wood units (400 dyn s cm -5 ) at baseline. The study enrolled patients with idiopathic or heritable PAH or PAH associated with connective tissue disease (PAH-CTD), human immunodeficiency virus infection, or drug/toxin exposure, as well as those with repaired (for C 1 year) congenital simple systemic-to-pulmonary shunts. Patients who were treatment naive or receiving an ERA, a PDE-5i, or both, at doses that were stable for at least 3 months prior to randomization were eligible [10] . Written informed consent was obtained from all participants in the study.
Study Design
Following screening, patients were randomized (1:1) to receive oral selexipag or placebo twice daily (bid). During a 12-week titration period, selexipag was initiated at a dose of 200 lg bid and titrated weekly in increments of 200 lg bid to the highest tolerated dose. The maximum dose allowed was 1600 lg bid. Following this titration period, patients entered the maintenance period. The individualized maintenance dose (IMD) was defined as the dose the patient received for the longest duration in the study. IMDs were described according to three pre-specified dose categories: low (200 and 400 lg bid), medium (600, 800, and 1000 lg bid), or high (1200, 1400, and 1600 lg bid) [10] .
The end of the double-blind treatment period was either when the patient experienced a primary endpoint event, when the patient prematurely discontinued study drug, or at the end of the study. The end of the study was declared when the pre-specified number of primary endpoint events was reached (331 events) [10] . Patients who discontinued double-blind treatment due to a non-fatal primary endpoint event were eligible to receive open-label selexipag or commercially available drugs [10] . The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by local institutional review boards or independent ethics committees.
Outcome Measures
The primary composite endpoint was the time to the first morbidity or mortality event. These events included disease progression, worsening of PAH resulting in hospitalization, initiation of parenteral prostanoid therapy or long-term oxygen therapy, the need for lung transplantation or balloon atrial septostomy, or death from any cause. Disease progression was defined as a decrease from baseline of C 15% in 6MWD (confirmed by a second test on a different day) as well as worsening in WHO FC for patients in WHO FC II or III at baseline or the need for additional PAH treatment for patients in WHO FC III or IV at baseline. The primary endpoint was determined from randomization to the end of the double-blind treatment period. All primary endpoint events were adjudicated by a blinded independent critical-event committee [10] . Secondary endpoints included death due to PAH or worsening of PAH leading to hospitalization up to the end of double-blind treatment, and death from any cause up to the end of study. Adverse events (AEs) and serious AEs (SAEs) were recorded throughout the study and up to 7 and 30 days, respectively, after end of treatment [10] .
Statistical Analyses
This post hoc exploratory analysis was conducted in patients receiving double combination therapy with an ERA and a PDE-5i at baseline. Kaplan-Meier estimates with 95% CIs were calculated for all time-to-event endpoints. Cox proportional-hazard models were used to estimate the HRs, with 95% CIs. Analyses of patients with WHO FC II and III at baseline were conducted with and without adjustment for baseline 6MWD, a parameter with known prognostic relevance in PAH [11] .
Results
Patient Characteristics
Of the 1156 patients enrolled in GRIPHON, 376 were treated with an ERA and a PDE-5i at baseline (double combination therapy group): 179 in the selexipag arm and 197 in the placebo arm [10] . Of these 376 patients, at baseline, 115 had WHO FC II symptoms (55 selexipag, 60 placebo), 255 had WHO FC III symptoms (122 selexipag, 133 placebo), and six had WHO FC IV symptoms (two selexipag, four placebo). In this analysis, we describe the double combination therapy group overall and according to WHO FC II and III symptoms at baseline. Because of the low number of patients with WHO FC IV symptoms at baseline, this group was not evaluated further.
The baseline characteristics were balanced between treatment arms (Table 1) . The majority of patients had idiopathic PAH (59.2% for selexipag and 59.9% for placebo) and were female (79.9% for selexipag and 79.2% for placebo). The mean ± standard deviation (SD) age was 50.6 ± 15.00 years for selexipag and 50.7 ± 14.24 years for placebo. As would be expected, compared with the overall GRIPHON study population, patients in the double combination therapy group had a longer time from diagnosis, and a greater proportion were enrolled in Western Europe/Australia and North America [10] . Considering patients according to symptom burden at baseline, those with WHO FC III symptoms had a 6MWD approximately 50 m shorter than those with WHO FC II symptoms. They were also older, and a greater proportion had PAH-CTD.
Selexipag Exposure and Dose
The median (interquartile range [IQR]) exposure to selexipag and placebo was 63.1 weeks (30.3-104.0) and 63.7 weeks (38.0-102.1), respectively. In the selexipag group, 20.1% of patients had their IMD in the low-dose group, 36.3% in the medium-dose group, and 41.3% in the high-dose group (Table S1 in the Electronic Supplementary Material [ESM]). These proportions were consistent with those observed in the overall GRIPHON study population [10] and were comparable for patients with WHO FC II or III symptoms at baseline (Table S1 in the ESM).
Primary Endpoint
In patients receiving double oral combination therapy, selexipag reduced the risk of the primary composite endpoint of morbidity/mortality by 37% compared with placebo (HR 0.63; 95% CI 0.44-0.90) (Figs. 1a, 2), consistent with the overall GRIPHON population [10] . As in the overall population [10] , the most frequently reported primary endpoint events were those relating to morbidity, predominantly hospitalization due to PAH worsening and disease progression (accounting for 81.1% of events overall; Table 2 ).
When considering the symptom burden at baseline, there was a risk reduction with selexipag versus placebo of 64% (HR 0.36; 95% CI 0.14-0.91) in patients with WHO FC II symptoms and 26% (HR 0.74; 95% CI 0.50-1.10) in patients with WHO FC III symptoms (Figs. 1b, c, 2 ). When the baseline 6MWD was considered, the risk reduction was 63% (HR 0.37; 95% CI 0. (Fig. 2) . The vast majority of these events were hospitalizations, as seen for the overall GRIPHON population (Table 2) . Among the subgroup with WHO FC III symptoms at baseline, a similar trend was seen (HR 0.71; 95% CI 0.43-1.18) ( Table 2 ; Fig. 2 ), including following adjustment for 6MWD at baseline (HR 0.63; 95% CI 0.38-1.05). There were fewer events in the selexipag (n = 3) arm compared with the placebo (n = 11) arm in patients with WHO FC II symptoms at baseline; however, there were too few events to perform meaningful statistical comparisons.
All-Cause Death up to the End of the Study
By the end of the study, 30 patients (16.8%) in the selexipag arm and 34 patients (17.3%) in the placebo arm had died (HR 1.06; 95% CI 0.65-1.73) ( Table S2 in the ESM; Fig. 2) ; this result was consistent with that in the overall GRIPHON population [10] . Analyzing by symptom burden at baseline, consistent results were seen for patients with WHO FC III symptoms (HR 1.05; 95% CI 0.61-1.81) ( Table S2 in the ESM; Fig. 2 ), including after adjustment for 6MWD at baseline (HR 0.95; 95% CI 0.55-1.64). The number of deaths were similar in the selexipag (n = 4) and placebo (n = 5) arms in patients with WHO FC II symptoms; there were too few events for meaningful statistical comparisons.
Safety and Tolerability
A summary of safety and tolerability is provided in Table 3 . Overall, 34 (19.0%) selexipag-treated patients and 15 (7.6%) placebo-treated patients discontinued their study regimen prematurely because of an AE. The most frequent AEs leading to discontinuation in the selexipag group (for events with a [1% difference between selexipag and placebo) were headache (4.5%), diarrhea (4.5%), nausea (2.8%), asthenia (1.7%), and exertional dyspnea (1.1%). The proportion of patients who reported AEs was similar between the treatment groups, and the proportion who reported SAEs was lower for the selexipag-treated patients than for those treated with placebo (44.7 vs. 52.8%). When compared according to WHO FC at baseline, the proportion of selexipag-treated patients with an SAE, or who discontinued selexipag because of an AE, was lower for WHO FC II than for WHO FC III. The PGI 2 -associated AEs reported during the titration and maintenance periods are shown in Table 4 and in Table S3 in the ESM. For selexipag-treated patients, PGI 2 -associated AEs generally occurred more frequently during the titration period of the study. In the selexipag group, the most commonly reported PGI 2 -associated AEs were headache, diarrhea, nausea, and jaw pain. The proportion of selexipag-treated patients who reported PGI 2 -associated AEs was comparable in those with WHO FC II and III symptoms.
Discussion
The GRIPHON trial provided the opportunity to evaluate the addition of a third oral agent in a population of patients whose disease was considered well-controlled with stable doses of double oral combination therapy. In this cohort of 376 patients, the risk of a composite primary endpoint morbidity/mortality event was ameliorated with the addition of selexipag to treatment with an ERA and a PDE-5i. The treatment effect was of a similar magnitude to that of the overall GRIPHON population [10] and was driven by a reduction in the number of PAH-related The consistency of the treatment effect across subgroups was assessed using a test for interaction. An interaction p value [0.01 indicates no heterogeneity and that the treatment effect is likely to be consistent across subgroups. hospitalizations and disease progression events; as expected given the trial design, there was no effect on mortality.
The relatively large population of patients included in our analysis allowed the effect of selexipag to be assessed according to symptom burden at baseline. A benefit with selexipag was evident for patients with WHO FC II or III symptoms at baseline. Our data indicate that the relative reduction in the risk of morbidity/mortality events with selexipag versus placebo may be more pronounced in patients with WHO FC II symptoms, and a similar observation has been reported previously in PAH [4] . While these data raise the possibility that patients with less progressive disease respond better to therapy, caution is required to avoid over-interpretation of these subgroup analyses; the number of morbidity/mortality events in the WHO FC II group in this analysis was low (6% of all events in the study), the interaction p value of 0.1436 indicates consistency in the results, irrespective of WHO FC, and there was also no difference in the treatment response between patients with WHO FC II and III symptoms in the GRIPHON population as a whole [10] .
In this analysis, our objective was to evaluate whether escalation of treatment from double to triple oral combination therapy is beneficial for patients with PAH. While our data indicate that selexipag provides an incremental benefit for patients already receiving an ERA and PDE-5i, they also show that a not insignificant proportion of patients receiving double combination therapy (i.e., randomized to placebo) and a somewhat lesser proportion of those receiving triple oral combination therapy (i.e., randomized to selexipag) do go on to experience disease progression events. These observations reflect the chronic and progressive nature of the disease. In line with the European Society of Cardiology (ESC)/European Respiratory Society (ERS) guidelines for the management of PAH [2, 3] , we advocate that escalation of therapy, including intravenous prostacyclin analogs, should be considered in patients who do not respond adequately while receiving combination therapy with two or more agents. In addition, we emphasize that, irrespective of the treatment regimen, be it monotherapy, double, or triple combination therapy, continual patient monitoring is essential to determine the optimal time for treatment escalation [2, 3] . PAH progresses differently in different patients, and while it may be possible to control disease progression in some patients with a number of oral agents, others may require parenteral prostacyclin therapy. Therefore, careful monitoring is essential to ensure these patients receive parenteral therapy when needed.
No safety concerns were identified when selexipag was received in combination with an ERA and PDE-5i. However, compared with the overall study population [10] , we did observe more premature discontinuations due to an AE. This is likely due to the more intense treatment regimen in these patients. As the number of therapies being administered to patients with PAH increases, a greater number of side effects are expected to be observed. Indeed, a greater proportion of patients who were receiving double combination therapy at baseline reported SAEs and PGI 2 -related AEs compared with the overall population [10] ; this was observed in both the placebo and the selexipag groups. Our findings indicate that, when administering three targeted therapies simultaneously, physicians should carefully monitor tolerability. AEs that occurred in [10% of the patients in any study group during the double-blind period and up to 7 days after placebo or selexipag was discontinued
These were exploratory post hoc analyses; results should therefore be interpreted with some caution and are subject to certain limitations. The groups analyzed and the number of events were smaller than in the overall GRIPHON study, and the trial was not powered to demonstrate treatment effects in these groups. As a result, p values are not informative and are therefore not reported. As in the overall GRIPHON study, there was no difference between groups in all-cause death up to the end of the study. Whilst it is relevant to report the consistency of these data with those in the overall population, further interpretation of the HRs is not possible because of the low number of events and subsequent wide CIs, and the potential influence of cross-over, whereby patients who experienced a non-fatal primary endpoint event received open-label selexipag or standard of care, including intravenous prostacyclin analogs. In this subgroup, more than 50% of patients who experienced a non-fatal primary endpoint event received open-label selexipag. The effect of this cross-over on mortality has been estimated using modelling techniques, and the results for the overall GRIPHON population favor treatment with selexipag [12] . In our study, we analyzed patients according to baseline WHO FC symptoms. While WHO FC is one of the important prognostic markers in PAH [11] , it is a subjective measure, and current guidelines recommend the use of multiple parameters to assess patients with PAH [2, 3] . To address the limitation of grouping patients according to a single parameter, we performed analyses adjusting for baseline 6MWD; these analyses yielded consistent results and support our initial observations.
Conclusions
The addition of selexipag to background double combination therapy in patients with PAH provided an incremental benefit similar to that seen in the overall GRIPHON population. Furthermore, the treatment response was consistent in patients with WHO FC II or III symptoms when administered in combination with double background therapy. medical writing support and the patients and investigators for their contribution to the study.
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